Since the 1990s, there have been many hospital merger cases in which a tertiary care hospital that provides specialized care (the acquirer) acquires a non-tertiary care hospital that does not offer such services (the target). 1 Several media reports note that mergers of this type could lead to an increase in referrals from the target to the acquirer (Bernstein 1996; Brown 2001) . Because the number of tertiary care hospitals is limited, patients typically present themselves first at their local non-tertiary care hospital for diagnosis; patients then are referred to a tertiary care hospital when necessary. This makes referrals from hospitals not offering the service an important path for specialized services. 2 This is especially the case for cardiac surgery, as only a limited number of hospitals offer this service and the major source of admission is physician referrals (Mukamel, Weimer, and Mushlin 2006) . Huckman (2006) reported that acquirers on average experience an increase in cardiac surgery admissions from the target's primary market. On the other hand, Nakamura, Capps, and Dranove (2007) found that in the majority of cases, there appears to be no change in referrals to the acquirers, although some acquisitions do lead to a significant increase in referrals for cardiac surgery as well as other specialized services.
This paper studies why some mergers are more successful in increasing cardiac referrals than others and, more importantly, what motivates this type of merger and the subsequent increase in referrals. The health economics literature offers two hypotheses that have completely different welfare and policy implications. The theory of transaction costs asserts that integration could enable the merging parties to resolve internal agency problems and to make relation-specific investments (Grossman and Hart 1986; Klein, Crawford, and Alchian 1978; Williamson 1979 Williamson , 1985 . Accordingly, hospital acquisitions could facilitate not only economies of scale and scope, but also joint investments in quality improvement and cost reduction-that is, the integrated delivery of care (Burns and Pauly 2002) . If this were the case, integration could produce an increase in referrals to the acquirers. Nevertheless, a completely different motivation is also possible. While referral laws prohibit hospitals from paying physicians for their referrals, the laws also exempt certain forms of payment between hospitals and their affiliated physicians. Thus, hospital acquisition can be used as a loophole for providing monetary or nonmonetary rewards to physicians who give referrals-a practice known as patient steering. While the integration of hospitals might not affect physicians' decisions regarding whether to refer a patient to a tertiary care hospital, hospitals could shift referral volume from nonaffiliated hospitals to affiliated hospitals. 3 Because health care providers are imperfect agents for patients, a reputation mechanism plays a central role in disciplining health care providers. Consider a physician at a nontertiary care hospital choosing where to refer her patients for tertiary care. Suppose the non-tertiary care hospital is affiliated with a tertiary care hospital and that the physician is paid for referrals made to the acquirer hospital. What would prevent the physician from referring all patients to the acquirer, provided that she is an imperfect agent of her patients? Since she is partially altruistic, her utility decreases if she refers a patient to a hospital that is not the best choice for the patient in terms of quality and traveling costs. Moreover, she also could have a selfish reason for not referring all patients to the acquirer. If a patient referred to the acquirer later learned that this was not the best choice for that patient and shared this information with others through word of mouth or popular ratings, the physician could suffer a loss of reputation and decreased demand for her services.
To examine how the reputation mechanism affects the incentives of referring hospitals, I develop a model in which hospital care is an experience good and patients' preferences for referring hospitals are affected by the average utility experienced by prior patients. 4 The model predicts that competitive pressure reduces agency problems by increasing the effectiveness of reputation as a disciplinary mechanism. Because patients experience firsthand the quality of the hospital to which they are referred, making referrals for motives other than patient welfare could hurt the referring hospital's overall reputation. Accordingly, if referrals increase due to patient steering, the increase would be greater when the target faced less competition.
I estimate a multinomial logit model of referral choice for cardiac surgery using hospital discharge data from the Pittsburgh area. The majority of acquisitions led to a significant increase in referrals. In addition, I find that a merger involving a non-tertiary care hospital facing little competition led to a greater increase in referrals. This finding is consistent with the patient-steering hypothesis. On the other hand, there is one notable exception. My sample includes three tertiary care hospitals that are renowned for highquality care and are affiliated with a number of non-tertiary care hospitals. These highquality acquirers were much less likely to have increased referrals from the targets compared to other acquirers, and target hospitals facing little competitive pressure were less likely to refer patients to these highquality acquirers. My findings indicate that boosting referrals by acquiring a non-tertiary care hospital in an uncompetitive market is a much more attractive strategy for low-and average-quality tertiary care hospitals than for their high-quality counterparts. Thus, hospital acquisition could result in a shift of patient volume from higher-quality hospitals to lower-quality hospitals. Such a shift could have serious negative effects on patient welfare.
Background
In the 1990s, the integration of tertiary and non-tertiary care hospitals increased (Huckman 2006; Nakamura, Capps, and Dranove 2007) , as did mergers between hospitals and physician practice groups (Ciliberto 2006; Cuellar and Gertler 2005) . In the health economics literature, these types of mergers are referred to as vertical integrations (Ciliberto 2006; Ciliberto and Dranove 2005; Cuellar and Gertler 2005; Gal-Or 1999; Gaynor 2005; Huckman 2006; Nakamura, Capps, and Dranove 2007) , and similar motives are hypothesized for both. Thus, I review previous literature on hospital-physician integration as well as on hospital mergers.
Integration of this type cannot be fully explained by the horizontal merger model because the merging parties produce complementary rather than supplementary goods. This is probably why it is called vertical, although the merging parties do not have a buyer-seller relationship prior to the merger, making double marginalization irrelevant (Gaynor 2005) . Gal-Or (1999) raised the theoretical possibility that hospital and physician alliances gain collective bargaining power over managed care organizations. However, the empirical evidence regarding the effect of hospital-physician integration on hospital prices is mixed (Ciliberto and Dranove 2005; Cuellar and Gertler 2005; Gaynor 2005 ). In addition, studies by Town and Vistnes (2001) and Capps, Dranove, and Satterthwaite (2003) imply that hospital mergers have a limited effect on prices unless the consolidating hospitals are direct competitors in the local market. 5 Integration could enable the merging parties to exploit economies of scale and scope by eliminating redundant treatment or medical examination via the sharing of medical records and the development of a unified information system. Additionally, better communication among physicians at the merging hospitals or among acquired physicians and other hospital staff may lead to better coordinated care (Gillies et al. 1993; Shortell et al. 1996) . However, past empirical studies have found little evidence of efficiency gains (Cueller and Gertler 2005; Huckman 2006; Madison 2004a Madison , 2004b . Some studies have found little support for quality improvement (Huckman 2006; Madison 2004a) . 6 Others have reported that particular types of consolidations result in a small but statistically significant reduction in the mortality rate (Cueller and Gertler 2005; Madison 2004b ). Still, it can be argued that it might take a long time before hospitals can enjoy gains in efficiency and quality from integrated delivery of care. In addition, whether inte-gration is motivated by the opportunity for integrated delivery of care and whether gains actually accrue from it are different issues. This study focuses on the former, whereas the aforementioned studies examine the latter.
Integration also could be an effective strategy for attracting physician referrals. Burns and Wholey (1992) showed that physician convenience is an important determinant of hospital choice. This finding suggests that physicians have a significant influence on the choice of a hospital. Cuellar and Gertler (2005) found that hospitals tend to have an increased case volume after they integrate with physicians. Huckman (2006) reported that, on average, hospitals offering cardiac surgery experience an increase in referrals after acquiring hospitals that do not offer the service. Nakamura, Capps, and Dranove (2007) found similar effects for a wide range of tertiary care services, although they also noted that the magnitude of the change varies greatly by merger. 7 Nevertheless, I know of no study that has examined whether the patient-steering hypothesis alone can explain integration motives and the increase in referrals.
Legal restraints prohibit hospitals from buying referrals from physicians. The 1972 Anti-Kickback Law imposes both criminal and civil penalties on any physician who knowingly and willfully solicits or receives any remuneration for referring Medicare or Medicaid patients. 8 The 1995 Stark Physician Self-Referral Law prohibits physicians from referring Medicare or Medicaid patients to hospitals with which they have financial relationships, regardless of the intent of the parties. 9 However, both of the aforementioned statutes permit certain forms of payment from a hospital to affiliated physicians (Hubbell, Mauro, and Moar 2006; Hyman 2001; Morrison 2000) .
Model of Referral Choice
In this section, I develop a theoretical model in which non-tertiary care hospitals refer patients to tertiary care hospitals for advanced treatment. In the model, hospital care is an experience good, and patients' preferences for a non-tertiary care hospital depend on the average utility of patients who used the hospital in the previous period. 10 Non-tertiary care hospitals are assumed to consider the effect of patients' satisfaction on future demand and profit when making referrals. I show that when demand for a non-tertiary care hospital is more responsive to a prior user's experience, the hospital places greater weight on patients' preferences in choosing referral destinations.
There are i~1,:::, I patients, j~1,:::, J nontertiary care hospitals, and k~1,:::, K tertiary care hospitals. There are two periods, at the beginning of which each patient chooses one non-tertiary care hospital. 11 With a certain probability, the physicians at the non-tertiary care hospital find that the patient needs a referral for advanced treatment at a tertiary care hospital. 12 For simplicity, I assume that tertiary care hospitals do not provide nontertiary care and that all patients start at nontertiary care hospitals. 13 Non-tertiary care hospitals earn a fixed profit margin per admission. 14 After referrals are made, the patients experience the quality of the referred tertiary care hospitals. At the end of the first period, the average utility of patients at each non-tertiary care hospital becomes common knowledge. When patients choose non-tertiary care hospitals at the beginning of the second period, they consider the average utility of the patients in the first period.
Patients
Let V i jk denote patient i's utility when she is referred from non-tertiary care hospital j to tertiary care hospital k. I assume that V i jk is the sum of a deterministic and a random component. The deterministic component is derived from the observable characteristics of patients, non-tertiary care hospitals, and tertiary care hospitals. The random component is determined by factors that are unobservable to the econometrician. I assume that the random component is observable to patient i and to the referring hospital when a referral is made.
Similarly, let W i jt be patient i's utility when she chooses non-tertiary care hospital j in period t. I assume that W i jt is the sum of a deterministic component w i jt and a random component that follows the extreme value distribution. The expression w i jt is determined by the observable characteristics of patients and hospitals, while the random component is determined by factors that are unobservable to the econometrician. The random component is observable to patient i at the beginning of period t, but no one knows the value of the random component before period t starts. Because the random component follows the extreme value distribution, s i j , the expected probability that patient i chooses non-tertiary care hospital j in period 2, can be written as follows:
The choice of non-tertiary care hospitals by patients in the second period is affected by the average utility of the patients who chose the non-tertiary care hospitals in the first period. This specification reflects not only that there could be publicly available hospital ratings based on popular votes but also that word of mouth could play an important role in hospital choice (Dafny and Dranove 2008) . For simplicity, I assume that each patient's utility depends only on her own experience at the referral destination.
Non-Tertiary Care Hospitals
I assume that non-tertiary care hospitals are partially altruistic, such that when they refer their patients in the first period, they choose the referral destinations to maximize the weighted sum of three factors: the referred patients' welfare V i jk , physician convenience (or non-monetary utility), and the expected profit over the two periods. When a nontertiary care hospital is integrated with a tertiary care hospital, the non-tertiary care hospital is assumed to consider the joint profit of both hospitals. Let M i jk be the financial or non-monetary gains for target hospital j from referring patient i to acquirer k. 15 Independent hospitals have no consideration for the income of any tertiary care hospitals.
All non-tertiary care hospitals earn a fixed profit margin of t per patient in the second period, and r is the discount rate for the profit in the next period. Thus, the discounted value of hospital j's expected profit in period 2, evaluated by hospital j at the beginning of period 1, is rt P I i~1 s i j . As described earlier, s i j is a function of w i j2 , and w i j2 is a function of the average utility of patients who were referred from hospital j to tertiary care hospitals in the first period. Accordingly, the utility level of each patient at the referral destination affects the profit of the referring hospital in period 2. Specifically, based on the firstorder Taylor expansion, the incremental change in the discounted expected profit when hospital j refers patient i to tertiary care hospital k in period 1 can be approxi-
where b is a constant, N j is the number of patients who were referred from hospital j in period 1, and
. See Nakamura (2006) for the details of the derivation.
as RDE j , which represents the responsiveness of demand for non-tertiary care hospital j to a patient's experience. The payoff of nontertiary care hospital j from referring patient i to tertiary care hospital k in period 1 is specified as follows:
The altruism parameter a j is a measure of the importance that hospital j places on patients' preferences independent of reputation effects. Z jk is the referring physician's non-monetary utility when a patient is referred to tertiary care hospital k from hospital j. Aff jk is an indicator variable that takes the value of one if hospital j is affiliated with hospital k and zero otherwise. Hospital j chooses the tertiary care hospital with the highest payoff as the referral destination for patient i.
Measure of the Responsiveness of Demand
The model shows that non-tertiary care hospital j places a greater emphasis on patients' preferences when RDE j is large. The term RDE j represents the responsiveness of demand for hospital j to a patient's experience, and it approximates the marginal change in demand for j given an increase in the quality of one patient's experience at j. It also can be regarded as the elasticity of demand with respect to quality. 16 This formula relies on the assumption that demand for non-tertiary care hospitals can be treated as a logit model. When the hospital market is more competitive, a change in reputation has a greater effect on hospital demand because it is easier for patients to avoid hospitals with bad reputations. Thus, RDE j can be thought of as a measure of the competitive pressure faced by hospital j.
In the literature on hospital competition, the Herfindahl-Hirschman index is commonly used as a measure of competition, wherein the geographical area defines the market. An important assumption underlying the index is that all firms in the same market are homogenous and face the same degree of competition. In the hospital market, this assumption might be unrealistic. Hospitals are vertically differentiated in terms of their quality of care and range of service offerings. As a result, hospitals in the same market could face different degrees of competition, depending on their service offerings and quality of care. The use of RDE allows one to avoid this problem.
Empirical Specification
Based on the theoretical model described in the previous section, I develop a referral choice model for coronary artery bypass graft surgery (CABG) and percutaneous transluminal coronary angioplasty (PTCA) using hospital discharge records from Pennsylvania for the years 1997 and 2002. 17 I treat hospitals offering CABG/PTCA as tertiary care hospitals and the other short-term general hospitals as non-tertiary care hospitals, and study referrals from the latter to the former. When tertiary care hospitals are affiliated with non-tertiary care hospitals, I refer to the former as acquirers, and when non-tertiary care hospitals are affiliated with tertiary care hospitals, I refer to the former as targets. Thus, all of the acquirers and none of the targets offer CABG/PTCA, and some tertiary care hospitals and some non-tertiary care hospitals are independent (i.e., they are neither acquirers nor targets). In the remain-ing portion of this section, I explain the empirical specification of the model and discuss the identifying assumptions.
Cardiac Surgery (CABG/PTCA)
Inter-hospital referrals are common for cardiac surgery cases because only a small fraction of hospitals offer CABG/PTCA. While some patients undergo CABG/PTCA immediately after suffering heart attacks, others undergo CABG/PTCA on an elective basis. The patients who have elective surgery typically have initial symptoms of ischemic heart disease, such as chest pain or shortness of breath, and they present themselves at their local hospitals. If the hospitals do not offer cardiac surgery, the patients are referred to more technologically advanced hospitals. This paper studies the referral choice for such patients.
There are several reasons why hospitals particularly benefit from attracting referrals for CABG/PTCA. First, cardiac surgery is known for its high profit margins (Huckman 2006) . Second, empirical work suggests that CABG/PTCA is associated with learning by doing. 18 Provided that quality improves and cost decreases in correlation with the experience of the medical staff, hospitals can establish dominant positions in their local markets by performing a greater number of surgeries.
Referral Choice
In this subsection, I describe empirical specifications of equation 2. The altruism parameter a j could vary with the ownership status of non-tertiary care hospitals. However, all of the hospitals studied here are nonprofit, so I assume that a j~a for all j~1,:::, J. V i jk , which is patient i's utility when referred to tertiary care hospital k from nontertiary care hospital j, is specified as a linear function of the travel time from patient i's home to hospital k T i k , the square of T i k , the quality of hospital k as commonly perceived by all patients, and an independently and identically distributed (i.i.d.) random variable e i k . The common quality of hospital k is specified as a linear function of a hospital specific effect H k , the indicator variable Aff jk (which takes the value of one if hospital j is affiliated with hospital k and zero otherwise), and Aff jk High k where High k is a dummy variable that takes the value of one if hospital k is regarded as being among the top hospitals in the region and zero otherwise. Because hospital quality is difficult to measure (Carey and Burgess 1999; Geweke, Gowrisankaran, and Town 2003) , I use hospital-specific effects H k to account for quality differences among hospitals. 19 I allow hospital-specific quality to depend on the organizational relationships between the referring hospital and the tertiary care hospital because if integration leads to better coordination of care, referrals from the target to the acquirer would benefit the patients. I also allow the effect of the alliance on the quality of care to depend on whether the acquirer is a high-quality hospital.
To find hospitals that provide an exceptionally high quality of care, I use three different measures: hospital rankings by U.S. News & World Report, the number of cardiac surgeries performed, and the number of cardiac surgery patients from outside the county. Assuming that practice makes perfect, the surgical volume of a hospital reflects the experience of its medical staff and thus its quality. Additionally, provided that severely ill patients are more willing to travel for better quality care, hospitals that attract greater numbers of such patients are more likely to be superior in terms of their quality of care. Among the tertiary care hospitals in my data set, three-the University of Pittsburgh Medical Center (UPMC) Presbyterian, UPMC Shadyside, and Allegheny General Hospital-were far superior to others with these criteria, so I define them as high-quality hospitals.
I specify Z jk , physicians' non-monetary utility from referring a patient from nontertiary care hospital j to tertiary care hospital k, as a linear function of a hospitalspecific effect DH k , 20 the travel time from hospital j to hospital k DT jk , the square of DT jk , and an i.i.d. random variable z jk . 21 Because I lack a good measure of the (nonmonetary) attractiveness of the tertiary care hospitals for the referring physicians, I use hospital-specific effects DH k to account for differences among hospitals in terms of their accessibility and amenity for the referring physicians. 22 The financial gain for target hospital j from referring patient i to acquirer k, M i jk , is specified as a linear function of the characteristics of patient i, the nature of the affiliation, and the dummy variable indicating whether hospital k is among the top hospitals High k . To control for patient characteristics, I include Old i , a dummy variable indicating whether the patient is at least 80 years old, and PI i , a dummy variable equal to one if the patient is covered under a private fee-for-service insurance plan. The coefficient of Old i measures whether targets selectively refer healthier patients to the acquirers, and the coefficient of PI i indicates whether targets selectively refer better insured patients to the acquirers. To account for the nature of the affiliation, I include FirstYr jk , a dummy variable indicating whether the referral is made within one year of the acquisition, and Loose jk , a dummy variable that takes the value of one if non-tertiary care hospital j has an organizational relationship with tertiary care hospital k and is not owned by hospital k. 23 This specification allows the effect of integration on referrals to vary with the time after acquisition and the degree of organizational integration.
If the incremental cost of treating a patient decreases with surgical volume at the hospital, the average profit margin will be higher for high-quality (and thus high-volume) hospitals. On the other hand, high-quality acquirers are likely to face capacity constraints due to their own popularity. Specifically, Bazzoli et al. (2003) reported that some tertiary care hospitals occasionally face capacity problems in their highly renowned heart programs. Likewise, Ho (2009) estimated that the majority of ''star'' hospitals ( i.e., hospitals particularly attractive to patients) face capacity constraints. Therefore, the sign of the coefficient of Aff jk High k depends on whether the former or the latter effects dominate.
Since I cannot observe the true value of RDE j , I use its estimate. Let RDE est j be the estimated value of RDE j , and let r j be the error in the estimation. It can be shown that
where l 1 , l 2 , k 1 , k 2 , d 1 , d 2 ,.., d 5 , u, and v are some parameters, and
Assuming that j i jk is i.i.d. extreme-value distributed, equation 3 can be estimated as a standard multinomial logit model. Nakamura (2006) explains the derivation of equation 3 and discusses the identifying assumptions. The definitions of the explanatory variables are provided in Table 1 .
Measure of the Responsiveness of Demand
I assume that the demand for non-tertiary care hospitals from patients who could need cardiac surgery is well represented by the choice of hospitals for acute myocardial infarction (AMI) or heart attack treatment. I estimate a multinomial logit model of hospital choice for AMI treatment where the explanatory variables are hospital-specific effects and the travel time between the patient's home and the hospital. Based on the estimated parameters, I compute RDE est , the measure of the responsiveness of the demand to a patient's experience. See Nakamura (2006) for details of the estimation procedure.
Assumptions About the Referring Hospital
Since I cannot observe the specific hospital from which each patient is referred, I include three different assumptions about the referring non-tertiary care hospital and estimate the model separately for each assumption.
First, there are some cases in which a patient had cardiac catheterization (for diagnostic purposes) at a hospital that did not offer CABG/PTCA and the patient then went on to have CABG/PTCA at another hospital. I assume that these patients were referred from the first hospital to the second (Assumption 1). Second, when a patient who had cardiac surgery at a tertiary care hospital is highly likely to go to a specific non-tertiary care hospital for AMI treatment, I assume that the patient was referred from that non-tertiary care hospital (Assumption 2). Based on the estimated model of hospital choice for AMI treatment, I calculate the probability of choosing each non-tertiary care hospital for each patient who has had cardiac surgery. 24 If the probability exceeds 50%, then I assume that the patient was referred from the nontertiary care hospital. 25 Third, if a CABG/ PTCA patient's home is within a five-minute drive from a non-tertiary care hospital, I assume that the patient was referred from that hospital (Assumption 3). 26 Data I use 1997 and 2002 hospital discharge data from hospitals in Regions 1 and 3, which I obtained from the Pennsylvania Health Care Cost Containment Council (PHC4). 27 Regions 1 and 3 cover the southwest area of Pennsylvania surrounding Pittsburgh. 28 The discharge data contain every case of CABG/ PTCA, cardiac catheterization, and AMI. The variables include the admitting hospital, the procedure performed, and the patient's age, sex, residential zip code, and diagnoses, as well as patient identifiers that link patients across records. The information on hospital acquisitions comes from Irvin Levin Associates and from local newspaper articles. Information on the location and other characteristics of hospitals in the area was obtained from the American Hospital Association's (AHA) annual survey and from the PHC4. The travel time was obtained using the driving hours calculator provided on the Mapquest.com web site.
Following definitions used in the AHA survey, I treat a hospital as offering CABG/ PTCA if it performed at least 20 CABG/ PTCAs during the year. I limit my analysis to non-tertiary care hospitals included under Assumption 1, so that the scope of the analysis is the same across the three assumptions. Non-tertiary care hospitals included in the analysis are called ''referring hospitals.'' I also limit my analysis to the patients whose hospital choice was unaffected by considerations related to insurance provider networks. Thus, I only include patients covered under Medicare, Blue Cross, and commercial indemnity insurance plans, excluding patients covered under Medicare health maintenance organization (HMO) and Blue Cross managed care plans. I also exclude patients younger than age 50 and those who had cardiac surgery with a primary diagnosis of AMI, as they account for a small percentage of patients and could have different hospital preferences.
The list of hospital systems and their member hospitals is presented in Table 2 . 29 Non-tertiary care hospitals are excluded if they do not appear to have referred any patients after cardiac catheterization. 30 As a result, there are nine targets (including St. 32 This feature of the data permits me to analyze the acquirers to which a target increases referrals and the targets from which an acquirer receives increased referrals. Table 3 shows the number of each type of hospital in my sample. I treat the data set as a pooled cross-section wherein the unit of observation is an admission to a hospital. Table 4 shows the sum-mary statistics for the patient characteristics, the characteristics of the hospitals chosen for CABG/PTCA, and the characteristics of the presumptive referring hospitals under each assumption. The statistics regarding the chosen and referring hospitals' characteristics are calculated at the patient level. The numbers are largely similar across assumptions. The vast majority of patients are Medicare beneficiaries, and more than half of them have their surgeries at a high-quality hospital. 33 Table 5 summarizes the characteristics of the tertiary care hospitals included in the analysis. 34 High-quality acquirers are all teaching hospitals and have a much greater surgical volume than other tertiary care hospitals, but the numbers are largely similar between other acquirers and non-acquirers.
Results
I estimate the parameters in the models described earlier using maximum likelihood. 35 The estima-tion results for AMI patients are presented and discussed in Nakamura (2006) . 36 The summary statistics of RDE est for the referring hospitals are presented in Table 6 . While independent referring hospitals have larger RDEs on average than target hospitals, the variance is large for both independent hospitals and targets. This considerable variation in RDE est enables the comparison of referral patterns based on the competitive pressure faced by the referring hospitals. Table 7 shows the results of the multinomial logit estimation of referral choice, where the outcome is the tertiary care hospital chosen for a cardiac surgery. 37 The signs and statistical significance of the estimated coefficients are largely similar regardless of the assumptions about the referring hospitals. Exceptions include the estimated coefficients for the first six variables: DT, DT 2 , T, T 2 , RDE est |T, and RDE est |T 2 . This discrepancy could arise because only patients who live close to non-tertiary care hospitals are selected under Assumptions 2 and 3, with the patient's traveling time and the referring physician's traveling time thus highly correlated under these assumptions. Under Assumptions 1 and 2, the referring physician's traveling time has a negative effect on the probability of referral. 38 The coefficient of Aff is positive and significant under any of the assumptions about the referring hospitals. The coefficient of Aff |Loose is negative under all of the assumptions and is statistically significant under Assumption 1. Likewise, the coefficient of Aff |FirstYr is negative under all of the assumptions and is statistically significant under Assumption 1. These results indicate that target hospitals tend to refer patients to tertiary care hospitals with which they have organizational relationships and that it takes time for such effects to become noticeable. In addition, the effect of affiliation seems smaller when the acquirer does not own the target.
The coefficient of Aff |Old is not significant under any of the assumptions concerning the referring hospitals. The coefficient of Aff |PI is positive and significant under Assumption 1. These results are largely consistent with the findings of Nakamura, Capps, and Dranove (2007) that some target hospitals selectively refer patients with more remunerative insurance to their acquirers, but do not select patients based on the severity of illness.
The coefficient of Aff |High is negative and significant under all of the assumptions about the referring hospitals, implying that highly renowned acquirer hospitals are less aggressive in attracting referrals from their target hospitals. The coefficient of Aff |RDE is negative under all of the assumptions about the referring hospitals and is statistically significant under Assumption 1. This finding indicates that when the acquirers are not among the top hospitals, targets with demand that is more responsive to a patient's experience are less likely to refer their patients to the acquirers. On the other hand, the coefficient of Aff |RDE|High is positive and significant under all of the assumptions about the referring hospitals. 39 In addition, it is greater in magnitude than the coefficient of Aff |RDE. Thus, competitive pressure as experienced by the target is positively associated with the probability of referrals to the distinguished acquirers. Note: All hospitals studied were secular nonprofit hospitals. S.D. 5 standard deviation. Based on the theoretical model described previously, I interpret my findings as follows. When the acquirer's quality of care is not superior, increased referrals help the acquirer to increase profits and accumulate surgical volume. However, patients do not benefit from being referred from the target to the acquirer. Thus, target hospitals facing highly responsive demand avoid referring patients to their acquirers when there are better alternatives for patients. In contrast, targets facing unresponsive demand do not lose future customers even if they have a bad reputation, so they steer patients to their acquirers. The three distinguished acquirers are much less aggressive in attracting referrals from targets, probably because they face capacity constraints similar to those of other highly renowned hospitals (Bazzoli et al. 2003; Ho 2009 ). In addition, competitive pressure on the target increases referrals to the acquirer. Clearly, the patient-steering hypothesis does not apply to these distinguished acquirers.
Conclusion and Discussion
This paper investigates why referrals increase when tertiary care hospitals acquire non-tertiary care hospitals. My findings suggest that mergers could reduce patient welfare if low-quality tertiary care hospitals acquire non-tertiary care hospitals that face little competitive pressure. In such cases, referrals from the target to the acquirer are likely to increase, both because the targets do not need to worry about the reputation consequences of referring patients to low-quality hospitals and because the acquirers desperately need to attract referrals. As a result, patients would be steered from high-quality hospitals to hospitals of lower quality. Additionally, this type of acquisition would result in a shift of surgical volume from higher-volume hospitals to lower-volume hospitals, and could hinder higher-volume hospitals from accumulating surgical volume and exploiting volume-outcome effects. Nevertheless, there is one notable exception. Hospital acquisitions by distinguished tertiary care hospitals appear to be motivated by objectives other than increasing referrals.
In terms of policy implications, it is worth noting that it would be unrealistic to attempt to completely prevent hospitals from providing monetary and nonmonetary incentives to affiliated physicians to attract referrals. Likewise, it might be difficult to detect and prohibit only ''bad'' acquisitions that lead to undesirable patient steering. Additionally, it might be unrealistic to reduce primary and secondary care physicians' influence over hospital choice for specialized care because these physicians often have better knowledge on local hospitals and their patients' medical needs than their patients do. Their influence would remain-or even increase in the future-if physician specialties become more fragmented as medicine advances, and accordingly, if the quality of care depends more critically on matching the patient's specific medical needs and the physician's specialized skills.
One possible solution would be to evaluate hospitals for the quality of the referrals made at the hospital. Hospital quality commonly is measured based on the outcomes of the patients who have been treated at only that one hospital. However, hospital evaluation could be based on outcomes for all patients who visited the hospital, including those who were referred or transferred to other hospitals. While caution should be exercised so as not to punish rural, nonspecialized hospitals for not having high-quality specialized hospitals nearby, monitoring changes in hospital quality measured in this way over time could prevent undesirable distortions in referral practice. 1 These terminologies follow Huckman (2006) and Nakamura, Capps, and Dranove (2007) . 2 This paper studies referrals for procedures that the referrer cannot perform. 3 I only consider the latter possibility, as it would be easier for target hospitals to change their referral destination than to change their criteria for making a referral, especially for major surgeries. Nevertheless, this is unlikely to affect the conclusions of the paper even if affiliations affect the propensity to refer. 4 Folland (1985) categorized health care as an experience good. Brekke, Nuscheler, and Straume (2006) studied a model in which general practitioners refer patients to hospitals for secondary care and hospital care is an experience good. 5 Because both tertiary and non-tertiary care hospitals provide nonspecialized services, their merger could be horizontal if the target were geographically close to the acquirer or to another hospital owned by the acquirer. Nevertheless, this is not the case with the majority of acquisitions in my sample.
Notes
6 Huckman (2006) found that the statewide mortality for cardiac surgery did not improve after many hospitals in the state of New York offering cardiac surgery merged with hospitals that did not offer the service. 7 Referrals might increase if both the target and the acquirer have increased numbers of managed care contracts. Nevertheless, Nakamura, Capps, and Dranove (2007) found increases in referrals for Medicare indemnity patients, thereby suggesting that there are other reasons for the increase. 8 Anti-Kickback Law (42 U.S.C. 11320a-7b(b)). 9 Stark I/II (42 U.S.C. 11395nn; Social Security Act 11877 and 11903(s)). 10 I assume that information regarding the overall quality of non-tertiary care hospitals is shared among patients through word of mouth or popular ratings. Dafny and Dranove (2008) found evidence for this ''market-based learning.'' 11 This assumption reflects the fact that high travel cost deters many patients from choosing tertiary care hospitals for an initial consultation, and thus few non-tertiary care hospitals directly compete with tertiary care hospitals. One specification (Assumption 2) in my estimation limits the sample to patients for whom there are no close tertiary care hospitals. 12 Strictly speaking, the physicians at non-tertiary care hospitals refer patients, but I use the terms physicians at a non-tertiary care hospital and a non-tertiary care hospital interchangeably. 13 In this section, a hospital that provides both non-tertiary and tertiary care is treated as two separate hospitals. In the estimation, I limit my analysis to referrals from hospitals not offering tertiary care services. Therefore, this assumption does not affect the analysis in subsequent sections.
14 In reality, prices for managed care patients are determined in the negotiation between hospitals and insurers. Nevertheless, my analysis is not affected, as long as physicians take the prices as given when making referrals. In addition, net revenue from managed care payers accounted for less than one-third of the total hospital net revenue in Pennsylvania in 2002 (Pennsylvania Health Care Cost Containment Council 2003 . 15 Acquirer hospitals might use administrative pressure to attract referrals from target hospitals. For instance, a manager at a target might ask the physicians to justify referrals made to tertiary care hospitals other than the acquirer. 16 For the reasons described in endnote 14, I assume that reputation has negligible effects on hospital prices and on the price elasticity of demand. 17 I use the terms CABG/PTCA and cardiac surgery interchangeably. CABG and PTCA are competing technologies for the treatment of coronary artery disease (Bradford et al. 2001; Huckman 2006) . 18 There are a number of studies on the volumeoutcome relationship in CABG/PTCA. For recent work on the subject, see Epstein et al. (2004) for PTCA and Hannan et al. (2003) for CABG. 19 I allow H k to vary by year in the estimation. 20 I allow DH k to vary by year in the estimation. 21 Burns and Wholey (1992) found that physicians tend to refer patients to the hospitals that are close to their offices. 22 Teruya (2004) reported that one hospital offers physicians free meals at a special cafeteria to attract referrals. 23 In my data, some tertiary care hospitals and non-tertiary care hospitals are members of the same consortium of hospitals, although the relationship is not based on ownership. I treat them as having a loose relationship. 24 The choice probability is summed over both tertiary and non-tertiary care hospitals. Patients who are likely to choose tertiary care hospitals for heart attack treatments are excluded from the analysis under Assumption 2. 25 RDE est j is calculated based on the estimated choice probabilities of all patients whose home is within a one-hour drive of hospital j. This limits the correlation between RDE est and a patient's estimated choice probability.
26 Patients who bypassed non-tertiary care hospitals and went directly to tertiary care hospitals are likely to be excluded from the analysis under Assumptions 1 and 2. On the other hand, they might not be excluded under Assumption 3. 27 The choice of area and time frame primarily reflects data availability. In addition, this area experienced numerous hospital acquisitions in the early 1990s (Burns et al. 2000) .
28 Region 1 includes the following counties: Allegheny, Armstrong, Beaver, Butler, Fayette, Greene, Washington, and Westmoreland. Region 3 includes Bedford, Blair, Cambria, Indiana, and Somerset. 29 A hospital system is a group of hospitals under common ownership. 30 A trivial explanation for why some mergers are more successful in increasing referrals than are others is that some target hospitals admit few patients who need cardiac referrals and thus do not have the ability to increase referrals. I exclude non-tertiary care hospitals not included under Assumption 1 from my sample to focus on other explanations, although this reduces the comparability of my results under Assumption 2 and Assumption 3 to those indicated in the previous literature. 31 The number of referring hospitals and tertiary care hospitals drastically changed between 1997 and 2002 because many hospitals started offering cardiac catheterization and CABG/PTCA.
I treat hospitals participating in Pyramid
Health as being affiliated with each other. 33 The number of observations decreased between 1997 and 2002 because more patients were covered under HMOs and were thus excluded from the 2002 analysis. 34 The average surgical volume declined from 1997 to 2002 due to the increase in hospitals offering CABG/PTCA. 35 I used GAUSS codes by Train, Revelt, and Ruud (1999) . 36 In summary, the signs and statistical significance of the estimated coefficients are as expected. In particular, the results show that patient traveling hours are the most important determinant of hospital choice for AMI patients, especially older patients. 37 Because RDE est s are calculated based on estimated parameters, the standard errors reported here could be underestimated. Ideally, I would like to correct for this, but I was not able to apply the method proposed in Murphy and Topel (1985) in a straightforward manner because RDE est s are complicated functions of the estimated parameters. Using other measures of competition, such as the Herfindahl-Hirschman index, would result in the same problem, as they are also measured with an error and there is no way of correcting for the bias in the estimated covariance matrix. 38 Another noticeable difference is that the magnitudes of the coefficients are much larger under Assumption 1 and that the coefficients of Aff |Loose, Aff |FirstYr, Aff |PI and Aff |RDE are significant only under Assumption 1. These findings probably indicate that the referring hospitals for some patients are misidentified under Assumptions 2 and 3. 39 Under Assumption 1, the coefficients of Aff and Aff |High have opposite signs and are close in magnitude, as are the coefficients of Aff |RDE and Aff |RDE|High. I performed the likelihood ratio test to analyze the statistical significance of the linear combi-nations of the coefficients. I rejected both null hypotheses at the 1% significance level under all of the assumptions concerning the referring hospitals.
